1. Infroduction

The use of o regional climate model o study the summer
weather of North America has many advaniages. Global
almospheric models and global reanalyses are currently
available for a period greater fhan fifty years and include
large-scale climate variabilty. However, because of he their
low resolution they cannot represent important detais lice fhe
diumal cycle of convection, low-level winds that transport
moisture foword the continental interior, and the seasonal
maximum of rainfall of fhe Norih American monsoon.
Simulation resulfs with the CSU RAMS mox
which use the NCEP-NCAR Global Reanalyss (1950 fo 2002) as
the loteral boundary condifion are presented. In fhis summory.
emphass is placed on the model climatology and inferannual
variabilily associated with remole sea surface lemperalures
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2. Summer Precipitation

June | Junio

Peak - premonsoon | Pico - premonzén

Figure 1: Observed CPC gauge
precipifation (mm) summer

the difference
between premonsoon (15 June o
15 July) and monsoon peck (15 July
10 15 August) periods.

June | Junio
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Figure 2: Same s Fig. 1 for RAMS-
smulaled precipitation

The evolution of RAMS-simulated precipitation is reasonable.
Prior fo monsoon onset there i a rainfall maximum in the
cenfral US. and a rainfall minimum in the core monsoon
region. The development of the monsoon in July and August
changes the confinental distribufion of precipifation, with o
dramatic increase in fhe core monsoon region. The amount of
precipitation from fhe model, in general, is overestimated with
respect fo gauge observalions (a lypical result in many
models), especially in the southeast U.S. and the Siera Madre
Occidental in Mexico.

E-mail:

1. Infroduccién

Eluso de un modelo regional ciimético para estudior el fiempo

el verano en Norteamérica fiene muchas venfajas.
Actualmente se dispone de modelos atmosféricos globales y
de reandisis globales para un periodo de més de cincuenta

= 35 km) ufiizando los Reandisis Globales de NCEP-NCAR
(1950 0 2002) como condicién limite laferal. En este resumen
se pone énfasis en I cimatologia del modelo y Ia variabildad
inferanual asociada con las temperaturas superficiales del mar
{TsM) en regiones alejacias.

2. Precipitacién en el Verano

July | Julio

August | Agosto
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Figura 1: La precipitacion Imml
observor

plovoméficos. para fos me:
erano y

15 juio] y el pico del monzn (15
julio a 15 agosfo).
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Figura 2: lgual a Fig. 1 poro lo
precipitacion simulada por RAMS

La evolucion de la precipitacion simulada por RAMS es
razonable. Antes del inicio del monzon existe un méximo de
llovia en el centro de los EE.UU. y un minimo de lluvia en la
regién central del monzén. El desorollo del monzén en julio y
agosto cambia la distibucion continental de a precipitacion.
con un aumento dramdfico en fa regién central del monzén.
La canlidad de precipitacion en el modelo, en general, es
sobreesfimada con  respeclo G las observaciones
pluviométiicas (un_resuifado tipico en muchos modelos|

especialmente en el sureste de los EE.UU. y en la Siea Madre
Occidental en México.
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3. Modes of Convection

RAMSsimulated moisture flux convergence (MFC) is used fo
investigate fime-varying modes of convection. MFC is decomposed
using speciral analysis for each year for a moving thirty-day period.
The average of all specira is compuled and multiplied by the fraction
that is above red noise. Three distinct speciral bands appear, each
associaled wilh different rainfall mechanisms.

Synoptic mode (4 fo 10 days): Corresponds with surges of moisture
from the Gulf of California and fhe associated passage of upper-level
eastery disturbances. Allows convection in fhe core monsoon region
fo organize info mesoscale convective complexes fhat propagate
westward from the mountains,

Sub-synoplic_mode (15 fo 3 days): Cormesponds with mesoscale
convective complexes in the ceniral Us. that propagate eastword.

Diumal_mode: Corresponds with convection which occurs due o

orographic forcing and land-sea confrast. s the dominant, and fhe.
most important, mechanism for summer rainfall

Sub-synoptic MFC

Synoplic MFC | CFH Sindpico
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Figure 3: Weighted spectial power of RAMS-simulated July
MFC [mm? day? for the three distinct spectral bands.

4. Global SST Patterns

To invesfigate inferannual climate variability in the RAMS simulafions,
the dominant patterns of summer global ST and their associated fime
series were defermined using a rolated principal component analysis.
SST mades 1 and 3 are cenfered in fhe Pacific and strongly govern
North American summer climate. SSTmode 1 & ENSO and varies on a
timescale between 2 1o 5 years. ST mode 3 is probably related 1o the
Paciic Decadal Oscilation. ST mode 2 reflects an increase in
fropical SST since 1980 which could be a climate change signa.
These modes were also defermined fo be siafisiically significant in
fime using multispeciral singular value decomposition analysis
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3. Modos de la Conveccién

La convergencio del ljo de humedad (CFH) smuloda por RAMS se
usa para investigar los modos de la conveccion que
temporalmente. La CF!
para cada afio para

ido. rojo.
particular, cada una asociada con mecanismos diferenles de fluvio,

Modo_sindptico (4 @ 10 dias): Comesponde o lus oleadas de
humedad desde el Golio de Califomia y el paso asociado de

complejos conveclivos de mesoescala que se propagan desde fas
montarias hacia el oeste.

Modo_sub-sindptico (1.5 a 3 dias): Comesponde o los complejos
convectivos de mesoescala en el cenro de los EEUU. que se
propagan hacia el esfe.

Modo diumo: Corresponde a la conveccion que occure a causa

del forzante orogrdfico y el coniraste enfre a fiema y el mar. Es el
mecanismo dominante, y el mds imporfante, para las fluvias de
verano.

| CFH Sub-sindplico

Diumal MFC | CFH Diuma
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Figura 3: Energia espectrol pesada de la CFH en Julio
mm? dicr?) en las smulaciones con RAMS pard (as fres
bandos particulares.

4. Patrones Globales de la TSM

Para invesfigar la variabiidad inferanual del clima en las simulaciones
con RAMS, los pafrones dominantes de la TSM giobal en el verano y
fas series del fiempo asociados fueron deferminados usando un
Los modos 1y 3 de la

¥ varia en una escala lemporal enfre 2 a § arios. Es probable que ef
modo 3 de Ja TSM  esté relacionado con la Oscilacion Pacifica
Decddica. £l modo 2 de la TSM reflejo un aumento de lo TSM
fropical desde 1980 que podia ser una serial del cambio climdico.
Usando un andisis de descomposicion singular mullispectral def vaior
se defermind que esfos modos fambién son estadisticamente
significativos en el fiempo.

SSTMode 1 | Modo de la TSM 1 5T Mode 2 | Modo de la TSM 2 SSTMode 3 | Modo de la TSM 3
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Figure 4: The first three global summer SST modes (1950 fo 2000)
and their associated normalzed fime series. The units for ST
pattems are aroitrary. The percent explained variance of each
mode s also shown.
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Figura 4: Los primeros fres modos globales de la TSM (1950  2000)
¥ las series normlizadas en el fiempo. Las unidades de los
pafrones de la TSM son arbitrarias . Se muestra también el
porcentaje de la variacin para cada modo,
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5. Summer Teleconnections

Years are grouped according fo the dominant $STmodes in the
Pacific usng composite analysi.  Specific and significant

predominant af the beginning of the summer. Al that fime. the
posilion and infensity of the monsoon ridge is modulated.
When the upper-level winds in the Pacific diminish af the end
of July, the source of Rossoy waves also diminishes and the
teleconnections cease.

SSTMode 1 | Modo de la TSM 1

iguie 5. 500-hPa geopolential height anomalies  (m)
associoled wih globl summer SST modes af ihe begiing of
July. Areas of Local significance shaded af 90% and 95%
iovels. Fiea sgnifcance 1 aso  shown

6. Model Interannual Variabi

ty

The varyin
global SST modes accelerate or delay fhe onsel of the
monsoon. This explains the well-known opposite relafionship

twenly years. The same frends also exist in gauge
observations. The inferannual variabillly of diumal MFC shows
that the continental divide clearly separates regions with
different relationships between precipitation and remote SST.

SSTModes 1 and 3 | Modos de la TSM 1 y 3

RAMS-simuiated |
Precipitafion

SSTMode 2 | Modo de la TSM 2
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5. Teleconecciones en el Verano

Los s se agrupan seg(n os modos dominantes de fa TSM
ando andisls de composicidn, _Pettones parfcuares y
ygm/rcahvos en el geopofencial esién asociados con los
e o o an 81 Paciteo, Esos pairones evolseionan
e tiempo y son predominantes al principio del verano.
En ese momenlo, la posicion e infensidad del eje de alfa
presion def monzén se modifican. Cuando los vientos de
niveles alfos en el Pacifico disminuyen al final de julio, fa
fuenfe de as ondas de Rossby fambién disminuye v las
feleconecciones cesan.

SSTMode 3 | Modo de laTsM 3

=50 BBy EREN

flgwg g Anomais del geopolencial en S00+¢a (m)
Cebeciadias Con 0y mocos globales co o 1M an 21 v o
pincipis de juio. Se sombrean las reas Soniicorives lotales

iveles de 90% y 95% Se muesira fambién lo
ygm/rcancra del mapoa (1.

6. Variabilidad Interanual en el Modelo

Los feleconecciones asociadas con los modos de la TSM
global que varian inferanualmente aceleran o refrasan el
inicio del monzén. Esto explica la relacién opuesta bien
conocida en fa precipitacion enfre el centro de los EE.UU. y
Ie region cenirol del monzon, £ qumento reciente en o
TSM fropical esté asociado con un au de
precipitacién en el verano en los EE.UL.

México. Sin embar

Lo variabilidad de lo CFH muestra que Ia
divisoria confinental separa claramenle las regiones con
relaciones_diferentes enfre Ia precipitacion y la TSM en
regiones alejadas.

SSTMode 2 | Modo de fa TsM 2

Precipitacion
imulada por RAMS

RAMS-simulated
Diumal MFC

Figure 6 RAMS-simulated precipitafion anomalies (mm) and
ihe perceniage change in RAMSsimulated diumal MFC
associated with global SST modes. On the precipilation maps,
areas of local significance are shaded af the 90% and 95%
levels and the field significance () i also shown.
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CFH Diuma
smulada por
RAMS

Figura 6: Las anomalios de la precipitacién (mm) simuiadas
por RAMS y el cambio en el porcentaje de la CFH simulada
por RAMS asociados con los modos globales de lo TM. En
fos mopos de lo precipitacién, se sombrean fas dreas
significativas locales para los niveles de 90% y 95% y se
muesira fambién la significancia del mapa ).
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5. Standardized Precipitation Index (SPI) 6. VIC NLDAS Soil Moisture

1. Introduction

Our previous work has established that the dominant modes of Pacific sea surface temperatures (SSTs) influence the summer climate of
North America via remote forcing of the lorge-scale circulation, or feleconnections. These feleconnections evolve in time and are most
Gpparant during e saty por of e sommer aifecing e onsel of ina Norih Armerican momscon and ine ond fo e (are sping wel
period in the central US. Our companion poster presented of this meeting summarizes how these teleconnections affect the physical

The standardized precipitation index (SPI: McKee et al. 1993) normalizes o
given precipitaion folal af each point fo a gamma distibution. allowing
for comparion of precipitation anomalies over varying climate regimes
on a confinental scale. In fhe present analysi, the one-month Pl is used
for the CPC U.S-Mexico long-term gauge-derived dataset (Higgins et al.

The stafistically significant mode of inferannual variabilty of VIC

LDAS soil moisture is of a siightly lower frequency than that of
the SPI (Fig. 10). The largest anomaiies in inferannual soil
moisture variability occur in the central US. (Fig. 11). and this is

LFV Spectrum
US-Mexico CPC 5P1 (1950-2002)

LFV Spectrum
NLDAS VIC Soil Meisture (1950-2000)

mechanisms of summer rainfall within a regional climate model (RCM) framework. It has also been establshed via RCMs that the land . .
surface influences of soil moisture and vegefafion may significantly impact summer climate. However, these sensifivity-fype studies have 1996] for the period 1950-2002. The LFV spectrum for SPI considering all H precipitation fhere is consistent for the enfie year (Figs. 8 and 9) H
focused on only one or a few years, fypically with exireme climate condifions like 1988 and 1993. The hypothess posed here is that the seasons (Fg. 5) shows significant inferannual variabilty ot a fimescale of |1 The interannual band fime series for soil moksfure in fhe central §
lond surface influences become more important during the latter part of fhe summer, when the influence of remofe Pacific SST forcing about seven years, which is the band of greatest inferest here because 3 Us. (Fig. 11) matches the documented wef and dy periods 3
diminishes. Our goal i fo eventually fest this hypofhesis using a RCM as @ complement fo our previous work, with idedlzed land surace significant variabilly in sol moisture and vegetafion greenness occur af [ there very well. In parficular, long-ferm droughts occur at an
forcing corresponding fo fhe statisicaly significant spatiotemporal pattems of soi moisture and vegetation. These must necessarly be approximalely fhe same fime scale. This makes sense given fhat the ] S— » requency. In thy 3
“integrators” of longer-term afmospheric variability and may ac with the summer o create extreme most coherent pattems of almospheric forcing, for both cold and warm £ A record, these include the Dust Bowl of the mid-1930s, mid1950s, §
climate conditions. The results presented herein show our initial statistical analysis of long-ferm North American precipitation, soil moisture seasons, occur when the inferannual and inferdecadal variability in the = o l" Lo N mid-1970s, 1988-89, and the most recent drought of 1998-2002.
and vegetation greenness datasels. The lafter two products will be used fo drive future idealized RCM simulations with fhe Regional Pacific are in phase. The spatial pattem uf variabilty reflects fhe well- 3l fl We hypothesize that the most acute drought conditions in these ]
Atmospheric Modeling System (RAMS) established relaionships befween North American winfer precipitafion & perods are ner the 1af end of o cycle of rellively persient 5
A ENSO PO wintor (o, &) Tho carormanding wanoiet onciyt (o 5 o l\ fd { Pacific SSTs, when the soi moisture deficit starfs fo act 3
7) shows that the longer-ferm variability in central US. SPI is more 3 ||| \J synergistically with cvmospnenc forcing (e.g. 193536, 1955-56, ]
dominant during the early part of the record and occurs at a slightly B | 1976-77,2001-2002).. 2
overfiequency T WS o W n W T T

Fraquency (eyolen/yr)
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Hawe.§: Fincioal sigenmode LFY spectum of 91 for B e s Haseisonn) e
mosiure product (1950-2000). Dashed
(PCUS. e ngm{zg""s"g’n':ﬁc":n"c’: ) aased line indicates stafistical significance at the 95% level.

2. Description of Soil Moisture and Vegetation Datasets
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Figure 2: Climatological May NDVI (unitiess) derived from AVHRR

satelite data.
Figure 1: Climatological May soil moisture (unitless value as a fraction of -
saturation) from VIC model simulations.

rvavery Gt

Soil moisture data is from a long-ferm integration of the Variable Vegetafion greenness is defined using the Nomaized

Infitration Capacity (VIC) hydrologic model over the North Difference Vegetation Index (NDVI), available from GIMMS-

American Land Data Assimiafion System (NLDAS) domain at NDVI dafa from 1981-present at 8 km resolution (Tucker et a.

one-eighth degree resolution. 2005). NDVI can be used fo derive leaf area index (LAI) per
RCM vegetation fype with a fransfer algorithm.
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Figure 12: Wavelef spectium of VIC soil moisture [unitiess) for
an area encompassing the Great Plains for the period 1950-
2000,

3. Statistical Analysis Methods

Higure 1: Soofcl patter (top) and fime seres o) of
in-phase VIC sol moisture anomalies in the interannual
bond (unitiess) releraneea o e conmal U3, tr e period
1950-2000.

MIM-SVD Analysis: Allows for the detection and Wovelet _Analysi: o tme series info Figure 7: Wavele specirum of SPI (unifless] for on area
of quasioscilatory spafio-temporal cimate signals fhat exhioit fime/flequency  space  simultaneously, providing encompassing the Great Plains for the period 1950-2002.

information on periodic signals and how these vary in fime
(Torrence and Compo 1998). Used here fo confirm MTM-
SVD analysis resuls by another method.

episodes of spafially comelaled behavior. Produces: 1) a local
fractional variance (LFV) spectrum of the principal eigenmode:
2) stafisfical confidence infervals for the LFV spectium: and 3)
reconstructed anomaly patterns comesponding fo the significant
fime-varying modes Rajagopdian et al.

reference point for soil moisture and vegetation anomalies is
defined as being in the central US. for fhe present analysi,
Unless ofherwise specified.

7. Satellite-Derived NDVI

Slgmﬁccm \mercnr\uul variability in AVHRR GIMMS-NDVI occurs on
seven years (Fig. 13]. Unike soil mosture,
Figue &: Spatial paten (fop) and fime series (ooftom) of in-phase anctenn soreioity i veqeionon heannots o mesmom n e
SPIin the interannual band (unitless) referenced to the central U.S. southeast US. and does not comespond well with
for he period 1950-2002. variabity (Fig. 14). The liely reason for fhis s because vegefation
growth i influenced by factors ofher fhan precipitafion in fhis
area. The surface temperaiure and avaiabilty of suniight, ond
not moisture availabilly, may be the more dominant factors.
Variability in vegetation greenness in the core monsoon region
indicates a dependence on summer rainfall, especially west of
the continental divide. We note there is a problem with NDVI
data for 1994, which affect the NDVI time-series and wavelet
analysis in Figs. 14 and 15, Also, the wavelef analyss is shown for
the southeast US. nstead of the central US. in is case.

LFV Spectrum
GIUNS NDVI (1981-2002)
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5. SPI Cold vs. Warm Season
4. Dominant Spatiotemporal Modes of Global SST

Local Frastisnsl Variencs

Interonnual Band SPI Paltern: Worm Season

interannugl Band SPI Patiern: Cold Season
il d i

Spietruft
30':0 iv"\"‘v CW' 581

(1950-2000)

figure 13: Principal eigenmode LFV spectum of AVHRR
GIMMSNDVI (19812002). Dashed line indicates stafisfical
sgnificance af fhe 95% evel,

S0 NOVI Wowalat Spacirum (1981-2007)

Fraaniy (iyitin/r)

Figure 3: Principol eigenmode LFV specirum of boreal summer
global ST for 19502000 Dashed fine indicates stafistical
significance of fhe 99% level. From Casiro ef al. (2006).

Figure 8: Same as Fig. 6 considering only the cold season
(september o May).

Figure 9: Same os Fig. 6 considering only he warm season

Figure 4 In-phase normalized SSTA associated with inferannuol {June fo August]

and interdecadal bands, referenced fo fhe eastern fropical
Pacific. Volues greater fless) than 1 [-1) shaded dork (light).
Contour interval 0.25 unifs. From Castro et al. (2006).
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A similor analysis of SPI in the interannual band considefing fofal preciitation of the cold season (Fig. 8; Sepfember to May) and warm season (Fig
9; June to August) separately reveals several additional imprtant features of inferannual precipitation variabilty. The cold season SPI pattern mirors
ihat foral secsons (g, 6. indcaling it winfe preciofation s kely more important han summer precipilalion i defermining crought condiions
on inferannual fimescales. Central U.S malies interannual variabilty vary in the same way throughout
T seen Tectore e dimete axtemes e Teion aro very sensiive 1o 1ne rge scale almospnare forcing provided by Paciic s5To. Toe most
dramatic seasonal shiftin the sign of precipitation anomalies associated with interannual variability occurs in the core monsoon region. This reflects
the foct that inferannual variabiity in winfer versus summer precipitation is inversely related in fhis region. Therefore. a wef (dry) winter tends o be
followed by a diry (wet) monsoon

Two stafistically significant spatiotemporal modes of global SST are related to ENSO and ENSO-like decadal variabilty in the Pacific, at
fime scales of 3-4 years and about 22 years, respectively. The pattems shown here are for boreal summer, as this s the season that i of
inferest in our present wark. These SST patters are related fo disfinct atmospheric teleconnections in both wam and cold seasons, as
shown for example on our companion poster and Castro et al. (2006). We therefore expect a priori that fhe stafistically significant
patterns of rainfall, soil moisture. and vegefation greenness would reflect the combination of SST forcing from both of these modes.

Figure 15: Wovelet spectium of AVHRR GIMMS-NDVI (unitless) for
an area encompassing the southeast US. for fhe period 1950-
2000,

Figure 14: Spatial pattem (iop) and fime series (botiom) of in-

phase AVHRR GIMMS-NDVI in the inferannual band (unifless)

referenced fo the central Us. for fhe period 1950-2000.
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